C4D is a well-known biomarker of complement cascade. The utility of C4D in identification of antibody-mediated rejection has been known since its incorporation in Banff classification in 2003. Recently, many researchers have turned their attention to C4D deposition in native renal diseases. The present study was done at our tertiary care center to adjudge the significance of C4D deposits in native renal diseases across Indian cohort of patients.
Introduction
C 4D is a well-known biomarker of complement cascade, which has been extensively studied and accepted as signature of antibody-mediated rejection (AMR). Banff classification [1] for reporting of transplant biopsies, since 2003 onward, clearly earmarks transplant rejection diagnostic entities on the basis of C4D positivity or negativity. C4D is derived from cleavage of the labile thioester bond of C4B. This cleavage provides a covalent bond which helps C4D to anchor to nearby cells where immune complexes are deposited. Antibodies dissociate naturally because of relatively weak hydrostatic and Van der Waals forces between antigens and antibodies, whereas covalent bond of C4D has a much longer half-life. For this reason, C4D serves as a footprint for complement activation. [2] The utility of C4D in the identification of AMR has been known since its incorporation in the Banff classification in 2003. [1] Subsequently, after this accepted role of C4D in transplant biopsies, few researchers started looking for its expression in native renal diseases, particularly those that are activated by complement system. Still, as of now, there is a scarcity of related literature, with only a few of the studies available and that too focusing on some particular entities such as lupus nephritis, immunoglobulin A (IgA), and nephropathy. There were no such related studies available on standard medical literature databases from Indian Subcontinent. Hence, this study is undertaken to observe and report the trend of C4D positivity in the native renal diseases, commonly encountered in Indian population. The study is an attempt to particularly note the correlating characteristics of C4D deposition with histopathology, proteinuria, and prognostic implications in native renal diseases. In native kidney diseases, C4D deposits are particularly noted across glomerular mesangium/ capillary walls, tubules, and vessels, as compared to peritubular capillaries in transplant biopsies.
Materials and Methods
A retrospective study on renal biopsy received between January 2016 and March 2017 was done at our tertiary care center in North India in the state of Uttar Pradesh. Each renal biopsy tissue was stained with hematoxylin and eosin, periodic acid-Schiff along with silver methenamine and Masson's Trichome stain as and when required, examined, and findings interpreted to make a definite diagnosis. Biochemical parameters including serum urea, serum creatinine, and 24 h urinary protein were recorded at the time of renal biopsy and at 6 months of follow up. In our study on 60 participants, 50 cases and 10 controls were included in the study. Out of 50 cases, we had 8 cases of focal segmental glomerulosclerosis, 7 cases each of membranous nephropathy and lupus nephritis, 6 cases of IgA nephropathy, 5 cases of postinfectious glomerulonephritis, 4 cases each of diffuse global sclerosis and minimal change disease, 3 cases of acute/chronic tubulointerstitial nephritis, and 2 cases each of diabetic nephropathy, hypertensive nephropathy, and membranoproliferative glomerulonephritis. Out of ten control cases, we had three cases each of simple renal cyst, chronic pyelonephritis, and xanthogranulomatous pyelonephritis and 1 case of glomerulocystic disease.
Further C4D immunohistochemical analysis was performed on formalin-fixed paraffin-embedded renal tissue by immunoperoxidase procedure. Nearly 3-5 µ sections were cut and fixed at 56°C for 20 min and deparaffinized. Unmasking of antigenic sites was done by pressure cooker antigen retrieval method (120°C for 15 min at full pressure and cooled to room temperature). Sections were treated with 3% H 2 O 2 for 10 min to block endogenous peroxidase activity and incubated for 90 min with prediluted primary polyclonal rabbit immunoglobulin G antihuman C4D antibody, manufactured by Dako Corp. at 4°C in a moist chamber. Sections were incubated with link antibody (Dako EnVision Flex™) for 30 min at room temperature. Secondary antibody in form of enzyme conjugate (Streptavidin horseradish peroxidase) and concentrated 3,3'diaminobenzidine solution diluted with substrate buffer was applied. Nuclear counterstaining was obtained by 10% hematoxylin and washing in distilled water.
Renal graft section from a kidney transplant patient with AMR was taken as a positive control and autopsy/cadaveric specimen of kidney showing unremarkable histology as a negative control.
Interpretation of slides
Slides were evaluated, and C4D staining observed in each compartment of the kidney. Glomerular staining was observed in both capillary endothelium and mesangium. Tubular staining was defined as circumferential positivity of tubular basement membrane and/or granular tubular epithelial staining. Arterial staining was observed in medial with/without mucointimal wall staining. Peritubular capillaries' staining was defined as linear or granular accumulation of C4D along peritubular capillaries. Nonspecific chromogen trapping across sclerosed segments was considered as negative/ nonsignificant. C4D positivity in glomeruli, tubules, and peritubular capillaries is semi-quantitatively or quantitatively graded as no or <10% tissue staining: 0, mild or 10%-25% tissue staining: 1, moderate or 26%-50% tissue staining: 2+, and intense staining or >50% tissue staining: 3+. 2+ and above cases were considered as positive.
Results

D i s t r i b u t i o n o f p a t i e n t s a c c o r d i n g t o histopathological diagnosis
Majority of the patients were diagnosed with focal segmental glomerulosclerosis (16%) followed by membranous nephropathy (14%), lupus nephritis (14%), IgA nephropathy (12%), and rest of the entities [ Figure 1 ].
Glomerular C4D-positive cases among native renal diseases
All cases of membranous nephropathy, IgA nephropathy, and hypertensive nephropathy showed positivity ranging from 2+ to 3+. Glomerular C4D positivity was in 50%, 50%, 43%, and 40% cases of diabetic nephropathy, membranoproliferative glomerulonephritis, lupus nephritis, and postinfectious glomerulonephritis, respectively. There were no glomerular deposits noted in focal segmental glomerulosclerosis, diffuse global sclerosis, minimal change disease, and acute tubulointerstitial nephritis [ Figure 2 ].
Glomerular C4D deposits' intensity versus 24 h urinary protein levels
Glomerular intensity was graded from 0 to 3+ as earlier described. Subsequently, four subclasses were also framed as per presenting value of 24 h urinary protein.
Group I comprised <2 grams, Group II 2-4 grams, Group III 4-6 grams, and Group IV >6 grams of 24 h urinary protein. Cross-tabulation of the above-mentioned variables by Pearson's Chi-Square test yielded significant P = 0.027 [ Figure 3 ].
Glomerular C4D deposits' intensity versus class/ grade of disease
All the Grade II and Grade III cases (as per their respective grading scheme/classification) showed glomerular C4D intensity of 1+ and 2+, respectively. More than two-thirds of the Grade IV cases and all Grade V cases revealed glomerular C4D intensity of 3+. The results were statistically significant, χ² =32.754 (df = 6); P < 0.001 [ Table 1 ].
Glomerular C4D deposits' intensity versus serum urea and creatinine levels
There was no significant association found between glomerular C4D positivity and presenting values of serum urea and creatinine at the time of biopsy [ Tables 2 and 3 ].
Tubular C4D positive cases among native renal diseases
Tubular C4D deposits were seen in the majority of cases (36/50) included in our study; however, it yielded no statistical significance. All patients diagnosed with IgA nephropathy, postinfectious glomerulonephritis, lupus nephritis, minimal change disease, acute/chronic tubulointerstitial nephritis, diabetic nephropathy, and hypertensive nephropathy patients showed prominent tubular C4D deposits [ Figure 4 ].
Tubular C4D deposits' intensity versus 24 h urinary protein levels
Our study revealed a significant association of tubular C4D positivity with 24 h urinary protein at the time of biopsy (P = 0.019).
Tubular C4D deposits' intensity versus serum urea and creatinine levels
There is no significant association noted between tubular C4D deposits and presenting levels of serum urea and creatinine at the time of biopsy [ Tables 2 and 3 ].
Arterial C4D-positive cases among native renal diseases
Arterial C4D deposits were seen only in diabetic and hypertensive nephropathy in our study [ Figure 5 ]. 
Arterial C4D deposits' intensity versus 24 h urinary protein levels
There was no specific association found, as only two cases showed arterial positivity; the results can be claimed as equivocal.
Correlation of C4D deposits' intensity versus serum urea and creatinine levels
Association with serum urea was nonsignificant, while with serum creatinine, it was significant, but it can be considered equivocal as the cases studied were very less [ Tables 2 and 3 ].
Peritubular capillaries deposits
C4D deposits across peritubular capillaries were null in all the studied cases. No further workup was carried out in relation with specific disease/24 h urinary protein/serum urea and creatinine levels.
Follow-up patterns in relation with proteinuria
Glomerular C4D positive cases among membranous nephropathy, lupus nephritis, and IgA nephropathy subsets showed a significant decrease in 24 h urinary protein value at 6-month follow-up with P = 0.006, 0.002, and 0.047, respectively; however, normal range proteinuria was not achieved in any of the cases. C4D positive cases among other diseases' subsets also showed a decrease in proteinuria, however, neither significantly nor reaching normal range [ Table 4 ].
In other cases, which were C4D negative among those native renal diseases' subsets which had some C4D positive cases too, demonstrated a decrease in proteinuria both significantly as well as reaching within normal range (P = 0.042).
In rest of the cases, which were C4D negative and mostly include cases in end-stage renal disease like diffuse global sclerosis (P = 0.214) or progressing toward end-stage like focal segmental glomerulosclerosis (P = 0.233), 24 h urinary protein at presentation, and follow-up showed a nonsignificant deviation.
Follow-up patterns in relation with serum urea and creatinine levels
Of all the case included in our study except a subset of C4D positive lupus nephritis patients, there was no significant correlation between presenting and 6-month follow-uP values of serum urea and creatinine.
Control cases
In control patients, the serum urea, creatinine, and 24 h urinary protein value within tubular C4D+ and C4D− patients at 6-month follow-up and baseline were statistically not relevant. 4 (100.00) 0 (0.00) 0 (0.00) 0 (0.00) 2+ (n=9) 0 (0.00) 7 (100.00) 2 (28.57) 0 (0.00) 3+ (n=7) 0 (0.00) 0 (0.00) 5 (71.43) 2 (100.00) 
Discussion
C4D molecule by its own virtue has no biological role; however, it implements its action through activation of complement pathways. C4D has its origin from cleavage of thioester bond of C4B. As a result of this cleavage, C4D acquires a covalent bond which helps it to anchor to nearby cells prone for deposition of immune complexes. As a natural phenomenon antibodies are prone to dissociation from immune complexes due to relatively weak binding forces, whereas the presence of covalent bond of C4D, because of its longer half-life, ensures longevity of complement activation processes. [2] Our study was primarily aimed as to look for possibility of C4D deposits across various anatomical compartment in native renal diseases and to compare the intensity of their expression and location with factors such as 24 h urinary protein, serum urea, and creatinine levels. C4D deposits in various renal compartments, namely, glomerular, tubular, arterial, and peritubular capillaries were observed in relation with specific native renal diseases. For glomerular C4D deposits, all cases of membranous nephropathy, IgA nephropathy, and hypertensive nephropathy showed positivity ranging from 2+ to 3+. Glomerular C4D positivity as described in preceding point was in concordance with most of the literature searched around the globe [3] [4] [5] [6] [7] except for hypertensive nephropathy cases, for which no relevant literature was found. There were sporadic glomerular C4D positive cases noted across other native renal diseases too ranging between 40% and 50% of the respective cases. In a reflection of preceding point, glomerular C4D positivity was 50%, 50%, 43%, and 40% in diabetic nephropathy, membranoproliferative glomerulonephritis, lupus nephritis, and postinfectious glomerulonephritis cases, respectively. This was also in concordance with several studies, [8] [9] [10] [11] [12] which have shown nonspecific patterns like our study. There were no glomerular deposits noted in focal segmental glomerulosclerosis, diffuse global sclerosis, minimal change disease, and acute tubulointerstitial nephritis. These findings also correlated well with the relevant literature searched. [6] Correlation of intensity expression of glomerular C4D deposits with presenting 24 h urinary protein level at the time of biopsy yielded significant results with P = 0.027. Majority of studies conducted across different renal disease groups have shown as a similar trend for association of glomerular C4D deposits with presenting proteinuria. [5, 6, 13, 14] However, the correlation of glomerular C4D deposits with presenting serum urea and creatinine at the time biopsy was not found to be significant.
Tubular C4D deposits were seen in the majority of cases (36/50) included in our study; however, it yielded no statistical significance. This was in sync with other similar studies too, which showed a similar trend. [5, 15] The higher trend of tubular C4D deposits can be attributed to factors related to both higher histological grade in fair number of cases and a high degree of tubulointerstitial inflammation in most of the cases included in our study.
Our study revealed significant association (P = 0.019) of tubular C4D positivity with 24 h protein at the time of biopsy. This was in contrary to findings of few similar studies found, possibly due to different patient subgroups and histological grades in the compared studies. Tubular C4D deposits showed no significant correlation with presenting serum urea and creatinine levels at the time of biopsy. This can be attributed to the presence of overlapping features of glomerulonephritis and tubulointerstitial nephritis in majority of cases included in our study. Arterial C4D deposits were seen only in diabetic and hypertensive nephropathy in our study. There was also no correlation noted between presenting 24 h urinary protein and serum urea and creatinine levels. There was no specific study found to support our finding except one, which just recorded C4D positivity across thickened blood vessels in higher grades of IgA nephropathy cases. [5] C4D deposits across peritubular capillaries were null in all the studied cases.
No further workup was carried out in relation with specific disease/24 h urinary protein/serum urea and creatinine levels.
All the glomerular C4D-positive cases for which follow-up was available showed a statistically significant reduction in 24 h urinary protein levels at 6 months; however, normal range values were not achieved. For C4D-negative cases, a decrease in proteinuria was both statistically significant as well settled within normal range. Thus, it can be interpreted that the presence of glomerular C4D deposits tends to slow down the recovery process during the treatment course. However, C4D-positive cases showed no significant difference in serum urea and creatinine levels at the time of biopsy and 6-month follow. That was expected to as all our cases primarily presented with nephrotic syndrome.
Conclusion
Glomerular C4D positivity can be expected in some of the native renal diseases, especially involving etiopathological background of complement activation by classical/lectin pathway such as IgA nephropathy, membranous nephropathy, lupus nephritis, membranoproliferative glomerulonephritis, and postinfectious glomerulonephritis. It is significantly associated with higher histological grades as well as 24 h urinary protein at the time of presentation and also tends to slow down and delay the recovery process. Thus, it can be concluded that C4D can be considered as a novel prognostic biomarker for native renal diseases, especially those with a complement activity etiological background.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
